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Purpose 


The  normal  binocular  field-of-view  is  indicated 
below. 


Top  View  of  Normal  Field  of  View 


Optical  Axes  for 
straight  ahead  viewing 


The  normal  field-of-view  is  divergent,  where  the  right  eye's 
monocular  region  (M)  is  to  the  right  of  the  binocular 
region  (B)  and  the  left  eye's  monocular  region  is  to  the 
left.  The  total  field-of-view  is  normally  around  190°. 


If  the  field-of-view  is  reduced  such  as  may  occur 
in  a  helmet  mounted  display,  a  number  of 
factors  change,  as  shown  below. 


DTIC  QUALTSI  INSPECTED  &j 


A  helicopter  pilot's  view  of  the  visual  world  using  an  HMD  in 
partial  binocular  overlap  display  mode.  The  helicopter  in  the  left 
visual  field  and  the  armored  personnel  carrier  in  the  right  visual 
field  are  each  in  monocular  regions  near  the  Monocular/Binocular 
border.  If  the  right  eye  is  viewing  the  circular  region  containing 
the  armored  personnel  carrier,  the  display  mode  is  Divergent  If 

instead,  the  left  eye  is  viewing  this  region,  the  display  mode  is 
Convergent 


To  increase  the  available  field-of-view,  the 
display  may  be  presented  in  a  partial  binocular 
overlap  display  mode.  (Convergent  or  divergent) 
as  opposed  to  a  complete  binocular  overlap  display 
mode,  where  both  eyes  see  the  same  image. 

We  quantified  changes  in  visual  sensitivity 
across  the  field  of  view  for  these  display  modes  by 
measuring  contrast  thresholds  of  various  probes 
in  various  positions. 


EQUIPMENT 

Optical  table  mirror  configuration 


binoculars  and 
response  keypad 


Convergent  Divergent  Complete  Overlap 

Display  Mode  Display  Mode  Display  Mode 


Elliptical  monocular 
fields  on  the  monitor 


i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i 


Through  the 
Binoculars 

i  i  i  i  i  i  i  i  ■  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i.i  i  i  i  i  i  i  i  i  i  i  * 


iiie  relative  positions  of  the  elliptical  monocular  fields  and  the 
four  probe  positions  are  shown  superimposed.  Both  eyes  see 
the  ellipse  with  the  solid  line  in  the  complete  overlap  display 
mode .  In  the  divergent  display  mode ,  the  right  eye  sees  the 
dashed  ellipse  on  the  right,  and  the  left  eye  sees  the  dotted 
ellipse  on  the  left.  Conversely,  in  the  convergent  mode ,  the  right 
eye  sees  the  dotted  ellipse  on  the  left,  and  the  left  eye  sees  the 
dashed  ellipse  on  the  right. 

5° 

-  i£° 


The  visual  dimensions  in  degrees  of  visual  angle  are  given  to  the 
right  and  below  the  overlapping  monocular  fields.  The 
distances  between  fusion  locks  are  given  above  and  to  the  left. 
Monocular  fields  were  2  fL  against  a  black  background. 


Spatial  Modulation  Temporal  Modulation 
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Procedure 


1.  Eye  exam 

2.  Equipment  calibrated  to  subject's  IPD. 

3.  Method  of  adjustment  used  to  set  contrast 
threshold  of  probe  for  determining 
orientation. 


ms 

T5  J  £  ©  f  |  § 

-S  “  B ‘1  g  ®  •*  ® 

!■“  “  «  2  o  s.S 

#S  ©  ^  w  g  cc 
<a  a  .  g  « 

5/5  *JS  /— s* 

©  ©  CC  ^  J* 


5*3  S 


J=  ^  .2  §  a 

H  «  «  £  £ 

Sft  S  ^ 


5fl  © 
©  © 


o 

© 


*S  g  **8  i 


SI 

OD 

© 

a 


-2  5  ^ 

5/5  ““*  * 

© 


©  5/5  — 

© 

s  o 


© 

S 

0) 

s 


—  OD  © 

s  s  -b 

&  .S  iH 


©S*£  — 

©  5/5  ©  ®  C  **  ©  C5 

©  s  j*  —  ^>fl  is  *a 

£  2  2  ©  «  “’eg 
^  S3  ®*  2  —  L3  ^ 

—  fi  W  &N  flj 


c  ©  ©  ^s  .22 
©  ^  ^ 


© 


a 

©  ^ 


S  ^  «$  H 


© 


.2  o 


© 

^  !>^  ©  ©  • 
^  r^  l  o  s 


© 

& 

5/5 

X 

s 

© 


©  b 

_  k  »  s  s  _o 
3  o- .©  © 


fi  ^ 

°  X 

5/5 


© 

c 


©  53 

WD  o 
©  cu 

U  ^ 
©  JC 

%  © 
©  c3 


S  ©  © 

©  ©  ^  2 

S  cfa  TS  33 
g  n  &  ©  © 

ss  "O  ©  .2  —  u  ** 


s  ©  a  ss  3  5«  ©  .5 

ag_8  - -.a  &  ^ 

!2  H  m  ftj  f?  cj  C 


T3! 

a 

u 


cs 

c4 


TT 

CJ 


QO 

QO 


-QO 

© 

l> 

m 

fS 

m 

i> 

m 

fS 

N 

c* 

c* 

NO 

© 

©N 

fS 

c* 

N 

m 

lO 

l> 

fS 

fS 

<N 

m 

Tf 

uopisoj 


?  S  ft  ^  i  &  £ 


DISPLAY  MODE 

Complete 


Probe  Positioi 


M  =  Monocular  region 
B  =  Binocular  region 


Monocular  fields 


)  Left  Eye 


Right  Eye 


N  =  Nonadjacent,  2.03° 
A  =  Adjacent,  0.08° 


Relative  locations  of  four  probe  ^  positions  (right  side  and  left 
side  versions),  in  the  three  display  modes. 
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Conclusions  / 

^  expected,  for  positions  1  and  2,  contrast 

thresholds  were  higher  for  the  monocular  probes  in 

the  Cmivmgfinl  and  the  Divergent  display  modes 

than  for  the  binocular  probes  in  the  complete 
.Overlap  display  mode. 

thiwf  Spati^  frequency  probes,  these  contrast 
thresholds  were  higher  in  the  Divergent  than  in  the 

Convergent  mode.  Thresholds  were  higher,  and  the 
ivergent  convergent  difference  was  greater,  for 
monocular  positions  adjacent  to  the 
monocular/binocnlar  hn™w 

v  •  ,  .  . .  i- .  ^  were,  in  some  cases, 

™  the  Convergent  and  Divergent  modes  than 
m  the  Overlap  mode  showing  the  influence  of  the 

^fcent  monocular/binocular  border  on  binocular 
probe  stimuli. 

A  number  of  factors  are  implicated,  including 
binocular  rivalry  and  suppression,  color  brightness 
spreading,  and  edge  effects  (see  references),  which 

ZJl  ^  Sa-SS,elSeWhere'  In  brief>  we  ecologically 

display  modes  (see  Barrand,  1979;  Gibson, 
i979;  Melzer  and  Moffitt,  1989,  1991)  in  terms  of 
what  has  come  to  be  known  as  DaVinci  stereopsis 
(Nakayama  and  Shimojo,  1990)  and  analyze  the 
visual  system's  responses  to  different  ecological 
interpretations  of  the  visual  world  (see  Shimojo  and 
Nakayama,  1989). 
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